Dysregulation of apoptosis is a well-described characteristic of malignant transformation. In the field of colorectal cancer, the Bcl-2 family of apoptotic proteins has been characterized as a marker of poor prognosis and response to current chemotherapeutic agents. In head and neck squamous cell carcinoma (SCC), the role of Bcl-2 and associated apoptosis proteins is less well understood.
Introduction
Inhibition of the process of apoptosis is seen in most epithelial malignancies including squamous cell carcinoma (SCC) of the head and neck (Friedman et al., 1997) . The B-cell lymphoma-2 (Bcl-2) gene is associated with a family of proteins involved in the regulation of apoptosis (Hockenbery, Nunez, Milliman, Schreiber, & Korsmeyer, 1990 ). This includes anti-apoptotic proteins such as Bcl-2 and Bcl-Xl and pro-apoptotic proteins such as Bax and Bad (Jackel, 1999) .
Dysregulation of Bcl-2 gene products, initially described as an inhibitor of apoptosis in B-cell lymphoma, has also been associated with other epithelial malignancies such as colorectal carcinoma. Subsequent studies demonstrated the over-expression of Bcl-2 in a subset of head and neck SCC tumors (Friedman et al., 1997; Jordan, Catzavelos, Barrett, & Speight, 1996) . Since that time, several studies have suggested that Bcl-2 over-expression is associated with aggressive histopathologic features and advanced initial TNM tumor staging (Jordan et al., 1996; Pignataro et al., 1997; Sharma, Sen, Mathur, Bahadur, & Singh, 2004) . Recent studies have suggested that tumors that overexpress Bcl-2 are less responsive to treatment with chemoradiation therapy and that Bcl-2 expression is an independent predictor of poor outcome (Trask et al., 2002; Nix, Cawkwell, Patmore, Greenman, & Stafford, 2005; Michaud et al., 2009; Shah et al., 2004; Nichols et al., 2010) .
The aim of this study was to correlate the expression of the Bcl-2 gene products with clinical outcomes in oropharyngeal SCC. The role of Bcl-Xl and Bax in head and neck SCC has yet to be elucidated definitively. In addition this study represents the first investigation into the relationship between Bcl-2 and the clinical course of patients that underwent surgery as part of their care as opposed to those treated with chemoradiation alone.
Materials and Methods
Tissue-banked surgical specimens were used in order to investigate this correlation. Consecutive oropharyngeal SCC specimens that were obtained in the period from January 1, 1999 to December 31, 2009 were included. Experimental methods were reviewed and approved by the Tufts Medical Center Institutional Review Board. three Bcl-2 family proteins: Bcl-2, Bcl-Xl, and Bax. Two independent researchers from the department of Pathology reviewed the slides for gene product expression.
Next, a review of the electronic medical record (EMR) was performed. Patient data recorded includes: age, TNM classification at presentation, smoking history, HPV status, and treatment modality used. Please see Table 1 . 
Results
The results of the first 20 specimens stained are presented below. The median age of patients was 58 years. The majority of patients (19/20) were male. At the time of diagnosis, 14 of the 20 patients had advanced stage (overall stage III/IV) disease. Approximately 50% (9/20) of patients had disease recurrence or persistence after initial treatment documented. The median duration of follow-up of patients within the group was 26 months.
On IHC testing, 9 specimens were found to express Bcl-2. Bcl-Xl and Bax were expressed in 6 and 11 specimens respectively. A semi-quantitative method was used to assess gene expression. Each specimen was examined by two independent surgical pathologists, who assigned a number indicating the number of cells in the specimen expressing staining. Values were assigned to categorize specimens as either "positive" or "negative" in order to more easily discuss the findings and begin to compare findings. Bcl-2 expression was considered positive if any staining was observed. Bcl-Xl was considered positive if >10% of cells examined were found to express gene product staining; and Bax (which was expressed in nearly all specimens) was considered positive for >90% staining. Recurrence/persistence rates by gene expression are listed in Table 2 
Discussion
The field of head and neck cancer has seen dramatic changes as molecular biology has identified new targets for highly specific chemotherapeutic agents (Le Tourneau & Siu, 2008) . The role of Bcl-2 in the malignant transformation of colorectal cancers is well established and Phase II clinical trials evaluating the effectiveness of Bcl-2 inhibitors are currently being performed (Vogler, Dinsdale, Dyer, & Cohen, 2009) . Only recently has Bcl-2 been identified as a factor in the etiology of head and neck SCC; and the role that Bcl-2 family proteins play is still not entirely understood. There exists conflicting data regarding whether Bcl-2 expression is associated with more or less aggressive disease (Nichols et al., 2010; Wu et al., 2012) .
Bcl-2 expression in SCC at the oropharyngeal subsite has been reported and is currently the subject of large-scale prospective studies (Wu et al., 2012) . The role of other Bcl-2 family proteins in head & neck cancer
has not yet been determined. Ito et al. (1999) demonstrated that low Bax expression was associated with advanced tumor stage. Barber et al. (2013) found a statistically significant correlation between Bcl-Xl overexpression and nodal disease at presentation in a recent study utilizing tissue microarrays. The association of www.ccsenet.org/cco Cancer and Clinical Oncology Vol. 3, No. 1; 2014 these gene products with disease outcome and response to treatment has not been studied.
There is currently a great deal of interest in the field of head and neck cancer in identifying biomarkers which might aid in predicting disease prognosis. Bcl-2 inhibitors are currently in phase II clinical trials for use in advanced colorectal cancer (Vogler et al., 2009) . Biomarker panels have already been applied to head & neck cancer in terms of guiding prognosis; HPV-status, Bcl-2, and other biomarkers were used to categorize patients as high, moderate, or low risk. Future studies will likely explore the possibility of de-intensifying chemoradiation protocols for patients with "low-risk" tumor biology (Wu et al., 2012) .
Our data reflects some interesting trends. Nearly all of the patients whose tumors expressed Bax had recurrence or persistence. Further, Bcl-2 expression correlated with HPV positivity in 8 of 9 cases. The expression of Bcl-2 and HPV-positivity has previously been shown to be independent (Nichols et al., 2010) . The sample size of this study is too small to make speculations regarding a correlation between gene expression and disease outcomes.
Bcl-2 gene expression is associated with oropharyngeal squamous cell carcinoma, and seems to be a negative prognostic indicator (Trask et al., 2002 , Nichols et al., 2010 . The role of other Bcl-2 family proteins has yet to be elucidated. Eventually, such information may guide treatment decisions such as tailoring chemotherapeutic regiments or decreasing radiation dosing. The Bcl-2 family of apoptosis proteins is intriguing candidates for additional investigation. Further research into the role these genes play in tumor growth and malignant transformation is warranted. 
